Intermediates for the synthesis of a variety of chemicals are one of the major groups of substances responsible for environmental contamination and ecological imbalance (Liu et al., 2012) . O-Nitrobenzaldehyde (ONBA), an important intermediate for the synthesis of a lot of pharmaceuticals, agrochemicals, dyes and other organic compounds, is one of them (Yu et al., 2010) . Though no definite acceptable limits of ONBA have been formulated, it is necessary to treat these wastewaters prior to their discharge. Recently, relevant environmental issues have been attracting greater public attention, with substantial manpower and financial resources invested in counteracting these problems. In China, however, the situation is getting worse with the rapid growth of the national economy.
Although integrated physical and chemical methods seem to be feasible for the treatment of such wastewater, biological methods are receiving serious attention and should be used preferably considering cost and technical advantages (Silveira et al., 2009) . Microbial metabolism plays a very important role in the degradation or detoxification of recalcitrant pollutants in the environment. Moreover, bioaugmentation is recognized as a promising and attractive operational means to enhance wastewater treatment performance (Ivanov et al., 2006; Karn et al., 2010; Mohan et al., 2009) and has been demonstrated to successfully accelerate the removal of ONBA (Yu et al., 2010) . In previous research, the feasibility of using a functional strain, Pseudomonas putida ONBA-17 (Yu et al., 2006) , which was chromosomally marked with gfp, to bioaugment SBR treating ONBA synthetic wastewater has been reported. After a transient adaptation, almost 100% removal of ONBA was achieved within 8 days as compared with to 23.47% of a non-inoculated control (Yu et al., 2010) . The bioaugmented reactor exhibited a better chemical oxygen demand removal performance (96.28%) than that of the control (79.26%). The bioaugmentation not only enhanced the removal capability of the target compound, but shortened system start-up time.
Functional dissection of microbial communities based on structure information represents an ongoing effort in the field of microbial ecology (Torsvik and Ovreas, 2002) . Although developed molecular techniques such as denaturing gel electrophoresis including DGGE, temperature gradient gel electrophoresis and temporal temperature gradient gel electrophoresis, analysis of the polymerase chain reaction (PCR)-amplified ribosomal DNA sequences and in situ green fluorescent protein fluorescence detection have been employed as powerful tools for monitoring specific mi-crobes in complex environmental communities (Fromin et al., 2002) , combination of these techniques apparently provides much more reliable and direct evidences for the fate and in situ metabolic activities of the inoculum (Yu et al., 2010) . In addition, due to the fact that several shortcomings exist within the above strategies, such as the difficulty of counting total tagged numbers in probe-stained clusters and biases in genomic DNA extraction and PCR amplification (Zhang et al., 2005) , traditional isolation and cultivation are still necessary for the characterization of complex microbial communities and identification of functionally dominant populations, as well as to elucidate the association between microbial diversity and ecosystem functions (Liu et al., 2006; Yu et al. 2010) . In this study, a spread plate was used to obtain ONBAdegrading relevant microorganisms or functionally dominant strains. Systematic studies on their properties including abilities of ONBA-degradation, aggregation and biofilm-formation and surface hydrophobicity were carried out. Furthermore, partial 16S rDNA sequences of these strains were compared with the sequences of dominant populations revealed by DGGE, and utilization of glucose and sodium acetate was investigated. This study will help future research in better dissection of microbial communities and understanding of the sludge bioaugmentation process.
Activated sludge samples on day 32 (final stage) were obtained from two reactors operated as described by Yu et al. (2010) . About 5 g of each sample was taken in a 150 ml Erlenmeyer flask containing 50 ml of isolation medium (IM), modified slightly as described by Kuroda et al. (2002) , and 100 mg L 1 of ONBA, and continuously shaken at 200 rpm. After repeated plate spreading, sub-culturing and preliminary examinations, four bacterial strains, designated as S, M, R and W, appearing both on IM and Luria-Bertani (LB) media containing 100 mg L 1 ONBA with different morphological, physiological and biochemical characteristics were selected for further studies. Strains were characterized by Gram staining and standard tests (Holt et al., 1994) . Comparative analysis of their 16S rDNA sequences and phylogenetic tree analyses using MEGA version 4.0 (Tamura et al., 2007) revealed that strain R, S, W and M were homologous with Exiguobacterium spp., Pseudomonas spp., Pseudomonas aeruginosa and Bacillus spp., respectively. Bacteria that exhibited the highest level of homology were E. arabatum and E. profundum (99%), P. taiwanensis and P. putida (97%), P. aeruginosa (99%), and B. thuringiensis and B. cereus (99%), respectively. From these results, R, S, W and M were identified as Exiguobacterium sp., Pseudomonas sp., P. aeruginosa and Bacillus sp., respectively. Yu et al. (2010) reported that there were largely two DGGE patterns, corresponding to phases 1 and 2, during operation with very few differences between reactors. The microbial communities involved were stable and introduction of P. putida ONBA-17gfp did not bring noticeable changes to the composition of microbial consortium, although treatment performance was significantly enhanced. However, as Mahmood et al. (Mahmood et al., 2005) have concluded that changes in DNA-DGGE profiles result only from bacterial growth or death and cannot be used to enable distinction between active and dormant organisms, other functional and sensitive means should be adopted as supplements. Because there is a large discrepancy between the total direct microscopic counts and viable plate counts (usually less than 1% of the former) for many ecosystems and recoveries from activated sludge even with optimized media are only between 5 and 15%, culture-dependent methods are still necessary due to the fact that pure culture is the prerequisite for further detailed analysis of microbial physiology and function. It also gives more direct insights into the biology of the activated sludge process. Next, the partial 16S rDNA sequences of strain R, S, W and M were compared with the sequences of DGGE bands (a e) (Yu et al., 2010) . Interestingly, this comparison revealed that the strain R and M are closer to microbial populations indicated by band b and d, and the evolutionary distance between the four bacterial strains under study and populations indicated by band c are comparatively far, as shown in Fig. 1 . Subsequently, their properties were investigated to tentatively elucidate the association between microbes and ecosystem function and the reason why these bacteria were kept in the system.
ONBA-degrading potentials of pure isolates and different combinations were tested according to the reported method (Yu et al., 2006) . The washed cells were inoculated into the IM containing 100 mg L 1 of ONBA, which resulted in an optical density of 0.4 at 600 nm. As to the combinations, cells were evenly allocated (e.g. 1 1 1 1, totally 0.4). As shown in Fig.  2 , the ONBA-degrading abilities of isolated bacterial strains and their combinations were examined. Compared with ONBA-17 and combination R-S-W-M-ON-BA-17, no significant degradation occurred within 48 h of incubation. It indicates that their functions in the system might be irrelevant to the direct removal of ONBA.
The flocculation characteristics of the isolates from activated sludge and ONBA-17 were studied as described earlier (Bajpai and Margaritis, 2004; Malik et al., 2003) . As shown in Fig. 3 , all of the test strains were good floc formers according to the standard (aggregation index of 50% or more) (Malik et al., 2003) . It has long been realized that the ability of bacterial cells to recognize and communicate with one another, leading to co-aggregation, is essential towards biofilm development, host colonization and flocculation of activated sludge. Efficient aggregation and proper settling of flocs are important for the generation of good-quality effluent during the activated sludge process. More- : aggregation index; : cell surface hydrophobicity.
over, although environmental factors such as substrate gradient, chemical and/or physical stress and predation are known to trigger bacterial aggregation in activated sludge systems (Bossier and Verstraete, 1996) , cellular characteristics, such as shape, structure and surface hydrophobicity, cannot be ignored. In the study carried out by Malik et al. (2003) , co-aggregation was found to be better correlated with hydrophobicity and aggregate size. Olofsson et al. (1998) also pointed out that cell surface hydrophobicity is a dominant characteristic promoting bacterial adhesion and the role of hydrophobic interactions among bacteria should not be neglected. Consequently, cell surface hydrophobicities of the isolates were investigated (Bajpai and Margaritis, 2004; Malik et al., 2003) . As a result, positive correlation between cell surface hydrophobicities of the strains and aggregation indices was observed (Fig. 3) . Among the test strains, P. aeruginosa W (53.5%) was the most hydrophobic, followed by P. putida ONBA-17 (46.2%) and Pseudomonas sp. S (45.8%), while the hydrophobicities of the remaining strains, Bacillus sp. M and Exiguobacterium sp. R, were 38.2% and 36.9%, respectively. This was reasonable due to the fact that these strains belong to different genera and differences in cellular characteristics led to varied aggregation indices and surface hydrophobicities. Besides, it is interesting that the most hydrophobic strains were identified to the same genus (Pseudomonas). Further investigations should be carried out in detail to explain the phenomenon.
Biofilm-forming abilities of the isolates and partners were examined. The experiment was carried out as described by Burmølle et al. (2006) . IM containing 100 mg L 1 of ONBA was also added to serve as negative controls and to obtain a background value. As a result, their biofilm-forming abilities were weak and co-incubation contributed little towards the formation of biofilm (data not shown). However, an interesting phenomenon was observed: although the abilities of biofilm-formation declined during co-incubation (R-S, R-ONBA-17 and R-S-ONBA-17), culture broth (IM containing 100 mg L 1 of ONBA + strains ) optical densities significantly increased as compared with that of the single strain (data not shown). To explain these observations, other sets of experiments were designed and carried out as discussed below. Different bacterial isolates and combinations were examined for their utilization of glucose and sodium acetate. The cells were inoculated into modified IM deficient in glucose and sodium acetate, alternatively, which resulted in an initial optical density of 0.15 at 600 nm. Cultivation was conducted at 25 C in a rotary shaker (120 rpm) for 9.5 h, and then optical densities at 600 nm were recorded using a spectrophotometer (722, Shenxian). In the first set of experiments, both S, ONBA-17 and test combinations could grow well utilizing glucose as the main carbon source, except the strain R. In contrast, cell density of the culture broth of strain R increased significantly when glucose was replaced by sodium acetate. More interesting, densities of all three test combinations were significantly higher than that of the single strain, utilizing sodium acetate. Microscopic observation revealed that optical densities significantly increased, mainly due to the soar of cell numbers and limited dispersion of aggregates. These observations led to the following conclusions: 1) the utilization of sodium acetate by R was more efficient than that of glucose; and 2) possibly there were different metabolic pathways of sodium acetate among test strains and some metabolites could be further used by other strains or combinations.
To confirm the latter, the possible metabolites formed during the utilization of sodium acetate were monitored by GC-MS. After 9.5 h cultivation, bacterial cells grown in the modified IM (glucose or acetate deficient) were harvested by centrifugation at 12,000 g for 12 min at 4 C. Supernatants (1 µl) and were injected in splitless mode into a DB-Wax capillary column (length 60 m, ID 0.25 mm, film thickness 0.25 µm). Helium was used as the carrier gas. Injector and ion source temperatures were 250 C and 200 C, respectively. The temperature program used was 50 C for 3 min, then 240 C at 10 C min 1 , and a 1 min hold at 300 C. The GC-MS analysis revealed that an unknown metabolite with a retention time of 17.99 min was accumulated by the strain R as shown in Fig. 4 . However, the peak was diminished during co-incubation, indicating that the unknown substance was utilized by the strain ONBA-17. Moreover, utilization of the metabolite (r.t. 17.99 min) was also confirmed by feeding ONBA-17 with spent medium of strain R (data not shown).
In general, the isolates and their partial possible functions and interactions reported here are just tiny miniatures of the SBR system, though they are indeed complicated and interesting. The fact that viable plate counts are usually less than 1% of the total for many ecosystems and recoveries from activated sludge even with optimized media are only between 5 and 15% should be kept in mind. Combined with the above analyses, why these four bacterial strains could be held in the SBR and probably become the dominant populations might be partially explained. However, no exact conclusion could be drawn before further systematic studies. Besides, another two questions appeared: 1) whether the aggregation was accompanied by physiological and genetic processes and 2) whether the isolated strains were in situ dominant ones. For the former, identification of genes involved is required, so that their regulation can be further studied. For the latter, different isolation and incubation methods should be used to obtain more microbes and uncover their physiological functions and interactions.
